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1. Introduction 2. Speckle Contrast 
3. Conventional Imaging 4. Holographic Projection 
Figure 1. Four different light sources were used in this comparison following 
the approach adopted in [1]. These light sources included one continuous 
wave narrow linewidth laser (He-Ne, Hughes), a pulsed solid-state laser 
(Nd:YAG, CryLas), a pulsed LC laser, and a broadband LED (Thorlabs).  
Figure 2. Emission spectrum of the four 
different light sources investigated in this 
study: each spectrum has been 
normalized to the peak intensity of that 
particular source.  
To quantify and compare the speckle images, we employ the speckle contrast 
metric, C, which is defined as the ratio of the standard deviation of the 
intensity in the speckle pattern to the mean intensity [3]. 
[1] B. Redding, M. A. Choma, and H. Cao, Nature Photon. 6, 359 (2012). 
[2] O. Svelto, Principles of Lasers, 4th ed. (Springer, 1998). 
[3] J. W. Goodman, J. Opt. Soc. Am, 66, 1145 (1976). 
[4] L. Wang, T. Tschudi, T. Halldórsson, and P. R. Pétursson, Appl. Opt. 37, 1770 (1998). 
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Figure 3. Greyscale images of speckle captured on a CCD camera created by 
the introduction of a diffuser. 
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It can take any value between 0 and 1: for a fully coherent source C  = 1.0. 
Research has shown that, to a human observer, C needs to be in the region of 
0.04 (i.e. 4%) so that it does not deteriorate the quality of the image and 
obscure the finer details [4]. 
He-Ne Laser Nd:YAG Laser LED 
Liquid Crystal Laser 
He-Ne Laser Nd:YAG Laser 
LC laser LED 
From the measurements of the linewidth the coherence 
length can be estimated using [2] 
Figure 4. Contrast-to-noise ratio 
as a function of the spatial 
frequency of the lines on a USAF 
1951 resolution test chart when 
illuminated by the different light 
sources after passing through a 
glass diffuser (see above). 
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Figure 5. Reconstructed images from a multi-level phase hologram 
captured in the replay field for the different light sources.  
Calculation of the Contrast-to-Noise ratio (shown in the figures) for the images 
presented required the feature and background regions to be adequately 
defined.  
 
These are indicated for the He-Ne laser by the white regions (feature) and the 
red regions (background).  
 
Since the image is formed through diffraction, it is necessary that the edges of 
the feature as well as the intensity within the feature are taken in to account.  
 
CNR = 1.8 CNR = 2.3 
CNR = 5.3 CNR = 13 CNR = 15 
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Recently, many novel light sources have 
been developed that produce light with 
interesting characteristics. It is important to 
measure these characteristics in order to 
fully understand these sources and their 
p tential u es. The coher nce of a light 
source is of paramount interest as it 
determines the light’s ability to in erfere wit  
itself for uses such as holographic projection. 
This poster describes two complimentary 
techniques used to measure the temporal 
and spatial coherence of a range of pulsed 
or continuous-wave lasers. 
Tempor l coherence is th  me sure of 
phase correlation between two parts of a 
beam separated only in time. A first 
rder approximation can be found from 
the linewidth of a source as such: 
 
𝑙𝑐~
𝜆0
2
𝛥𝜆
 
 
It can also be measured through 
observation of interference between a 
beam of light and a time delayed version 
of its lf, such as in a Michelson 
Int rferomter1. 
 
Spatial coherence is the measure of 
phase correlation between two points 
ransv rse to the propagation direction, 
thus showing how uniform the phase of 
a w ve front is. It can be measured with 
Young’s do ble slit exp riment1, one slit
separation at a time. 
NRA of apertures Interferogram Fourier Transform Coherence Surface 
Mirror arm DG arm Interferogram 
Figure 1. Four different light sources are used in this poster, a continuous wave narrow 
linewidth laser (He-Ne, JDS Uniphase), a pulsed solid-state laser (Nd:YAG, CryLas), a 
pulsed Liquid Crystal Laser (LCL) and a broadband LED (Thorlabs). 
The techniques described in this poster 
can measure the entire temporal and 
spatial coherence functions of a pulsed 
laser in a single pulse. 
 
Holographic projection uses the 
interference of light to reproduce a 
desired image in the replay field. This 
requires good temporal coherence, but 
high spatial coherence leads to 
speckle. Some novel lasers, such as 
LCLs, appear to offer a combination of 
high temporal and low spatial 
coherence maki g them ideal for such 
applications. 
[1] M. Born and E. Wolf, Principles of Optics, CUP, 1999. 
[2] V. Devrelis, “Coherence length of single laser pulses as measured by CCD interferometry,” Applied Optics, vol. 34, no. 24, p. 5386, 1995 
[3] A. Gonzalez and Y. Mejia, “Nonredundant array of apertures to measure the spatial coherence in two dimensions with only one interferogram,” J Opt Soc Am A, vol. 28, no. 6, p. 1107, 2011.  
He-Ne LCL 
Figure 2. Emission spectra of the 
four light sources in this study: each 
spectrum is normalised to the peak 
intensity of that source 
Figure 3. Speckle artefacts visible in 
He-Ne holographic projection 
The mirror from one arm of a standard Michelson 
Interferometer is replaced by a blazed Diffraction 
Grating (DG) in a Littrow mount2. This reflects 
light with optical path that varies across the beam 
by up to 43.6mm, allowing the a t mporal 
coherence function over this distance to be 
measured in a single pulse. 
 
Coherence is measured through visibility of 
fringes in interferogram. 
Figure 4 (left). Michelson Interferometer with DG in place 
of one mirror 
Figure 5 (below). Beam profile reflected from mirror (1) 
and Blazed Diffraction Grating (2), interferogram of 
combined beams (3). Produced using He-Ne laser. 
A non-redundant array (NRA) 
of nine apertures samples the 
expanded beam front at range 
of separations simultaneously. 
Th  FT of the captured 
interferogram is combined 
with the intensity profile of the 
beam to produce a two-
dimensional coherence 
surface from a single pulse3. 
 
𝛾12 =
𝑐12 Σ𝐼𝑁
𝑐0 𝐼1𝐼2
 
Figure 6 (above). Spatial coherence measurement using 
NRA mask and achromatic doublet beam expanding lenses. 
Figure 7 (below). (1) Design of mask (2) Interferogram 
formed at CCD (3) Fourier Transform (4) 2D Coherence 
Surface. Produced using He-Ne Laser 
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Figure 8. Graph showing mutual coherence measured by visibility of interference fringes in 
Young’s double aperture set-up with a range of aperture separations. (Blue) He-Ne 15mW 
(Red) He-Ne 10mW (Green) Nd:YAG. Beam expansion: 41.7x 
Three lasers tested using Young’s Double Aperture experiment for a range of 
separations. Intensity differences at each aperture are accounted for with the 
following mutual coherence equation: 
𝛾12 =
𝐼𝑚𝑎𝑥 − 𝐼𝑚𝑖𝑛
𝐼𝑚𝑎𝑥 + 𝐼𝑚𝑖𝑛
×
𝐼𝑙𝑒𝑓𝑡 + 𝐼𝑟𝑖𝑔ℎ𝑡
2 𝐼𝑙𝑒𝑓𝑡 𝐼𝑟𝑖𝑔ℎ𝑡
 
Contrast to noise ratio (CNR): 
𝐶𝑁𝑅 =
𝐼𝑓 − 𝐼𝑏
𝜎𝑓 − 𝜎𝑏 /2
 
Figure 10. Reconstructed images 
from a multi-level phase hologram 
captured in the replay field for the 
different light sources. The 
foreground regions used in the 
above equation are shown in 
white on the He-Ne image, the 
background are shown in red. 
Figure 9. Greyscale images of 
speckle captured on a CCD 
camera created by the 
introduction of a diffuser. 
𝐶 =
𝜎𝑇
𝐼
=
𝐼2 − 𝐼 2
𝐼
 
 
The speckle contrast C varies 
from 0, for an incoherent source,  
to 1 for a fully coherent source. 
